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Abstract

Yunnan has a great potential for the development of broad bean cultivation. In order to refine the
impact of climate factors on autumn sown broad bean cultivation, based on altitude, temperature,
precipitation, sunshine, number of rainy days, number of frost days, and temperature in the cold-
est frost period during the growth period of autumn sown broad bean, the principal component
analysis method and the calculation of climate suitability of crop planting were used to classify the
climatic suitability of the new broad bean variety Yidou 3 cultivation in Yunnan. The results show
that: The most suitable climate zones for Yi-Dou No. 3 broad bean planting are mainly distributed
in the northwest of Kunming, Chuxiong, Yuxi, Qujing and Zhaotong in central Yunnan to the east
and north of Ailao Mountain, and extend to Dali, Lijiang, Baoshan and Nujiang in the west and
north, and extend to Wenshan and the north of Honghe in the southeast. The average temperature
of the whole growth period was 13.3°C, the average temperature of the yield formation period was
10.7°C, the average temperature of the coldest period was 9.3°C, the precipitation was 174 mm and
the sunshine was 1208 h during the main growth period. The suitable areas are mainly distributed
in the north of Ailao Mountain except the valley zone of south Yunnan and southeast Yunnan, the
valley zone of Zhaotong, the north of Dalj, Lijiang, Qujing, the south of Diqing and the high altitude
zone of Zhaotong. The unsuitable areas are mainly distributed in the Diqing cold and low temper-
ature dry area in northwest Yunnan and the high temperature and high humidity area in the low
heat valley of south Yunnan and southwest Yunnan.
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1. 3]

&5 (Viciafaba L.), MBS fho. PG, KE%, BUGKE. Bid)E, BT aEA. KB,
BIEHEEMEY), FIENRE. BEE. BIR. TR GIEHSEHEDRE, EAREAE 2100 Z4E(1].
EEGTZX, BERAERKETENEREENEE, AR EDHIIERZNEARMYELER, i
wI RV EEGEE, TROMEHK2] 3], BEESMRREIILEA, 2019 F 254 & 7R R
266733.33 hm?, 54 32.5%, HAFEM B EEES—A[4] [5]. %5 3 5REEEMEMN LR IR
I 30 RBEA, RBEEEEARAKRLSG, G 5205 PR B 10 800 S A A RURK R o 5L R 2 SO b,
o MR R AR WP R EPUR TR SRS, A E L) 180 d, BERE A F L 110 d;
TR, HRE20 114 cm, “PYRBRA R 2.7 A, BBRCFA5E3E 12.2 38, HRERE 1.85 ki, #3EK
9.2 cm % 2.2 cm; SEFFRIRSEE, FHRIE 321.8 g A4 THFRIEAR . AN, MEBREANE, HREY
143 g, £ 667 m* F* 32 1000~1300 kg (T-FKL 200~260 kg) [6], 2016 4F 12 Hi#id = g & A AV f e
RS E, HERS: HEHET 2016007 5, 2018 4Eillid Fx AV ARK B EERED R MBIL, &
BAE 2 B IR 1400~2200 m )2 SR X FhHE[4] [5], 2016~2021 SE(E = BG4 RN AR s
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S R UHHE R ARIA 228,000 hm®. B A0 G0 A S A PERIGRAEAE LA SN 3ET, 5 3 57
ZRMTTRI A DCHE R T BRI AR R Se AT AR R . s &R, H L
PARS IR IX 3 2 A A B I OEIR R R, HEMBEAGE S, R AEG AR TP 5ol B X[ 1]
[5], fRIRAEG, JRElT e ikl a 2 B BRI EEARKE, o TR R ok
A A R A o R R A L AT R R 2 AR R AL R R TR R E R T (6] [7], TS
MT 165 2 2 EAMEDE BVE A4 T R X R 22 PRk R BRI 22 380 J 38 B 22 AR R 0 Ak AR
iy SR BOE B SR G S  XRIBEFE oK WARGE . 2T 0k, AWFFCIE DU E 3 55T AR E = B 4
SRR A A R AR AR OV IRE, SRR E IR R PR PR H L A E R R R
SN [R5 Fi SR ) SRR B A A DR R (B3 20 R 2 A AT R B B S P TSRO » =
7 F MG T EAE I TRIE B X, Nz R Ak A AR IR AR S

2. HRXEER

2 P A8 M A HH DG R B AR A SR T . TSR 21°87327~29715'8", R4 97°3139"~106°11'47""2
], THAN 39.4 J7 km®, EELHTEA G 94%, FEAREHAL Y 6%, RIGHMSIEEZE TR, Tkl )l
PR, (LAAHIE], ARECBCRA L JE ORI m R B R, R AR R - AR R R E T s
BT AR VG WA B () S 2 SR 8] 2NV A R R (R M, = S e B WAL
SRR, SRR ZEN. BHIRZEKR, MAKEEEPTWE, LEFRELW. tBERE, TR, %
W ARG RN 3 B R RS SRR FINE R . ZERME GRS, =45 X
Ll DX KR S B i R B fS . KRS M AN BRI e B A A S FUK AR T SR, MR EE LG
[ EBERFRRWAE, 7RI, IR EREARREKIN, BEATKFER A, LAFT5E. BmIEHK
B FER) PR RS IE RO & O e S AR = 1 E B AR R K E 1] [2].

3. MRS
3.1. RIS FRRIR

AEFERERIET Z#4 125 MEARRZEEM. ARTFEWE. FRH% FHE URAH
M B Geit e H BT RN R IR B B SIE RG A .

3.2. MIESEESEFRER

K22 S R REI, m R4 R 2 SME X —RAE 10 10 HAGARM, 11 A
®, 11 H A% 12 A NS L, 12 ARG 2 H R eE R, 2 AR FE 3 A M, 4
AEH W 180~200 d iAa[4]. EEAE AP R PR EE B HEIN R a] L 23 [R) 23 A1 A2 50
ZEBEGAKRE R, RETFEERIIIERRT[4] [5]. AREH, BN T S5amEE 3 SHEAE
K@ RAPESR REVIN 11 AR FAEAXRIFRF R 1) M. PR SUHARA N BR, 34
HBWAEHE, R, 2AFHHRNE, JuEE RSN B E R T B RGeS SO a3
R AEFHROKE, ZRE. L0NEE, mREBRNHE, FEFHMRKE, RebdEENHHEE
FREASAEB W BIK g o Horp B A B BORN P BT U SR B 2 B T AE I B R, EPE E TR
MoocsE, AEEMROKE, FAEGHMOKE. FOKHE, o &S G Kb 2= kS
BB MG, R T A RO W EORN P R R B R R TS [8]. AR H B AR = A R I S A
RF, 2. 3. 4 AR HRNER B TAKKE RRLERM, 27 XA R I # LB, EFE I AE
RAKFENRAHZ, AR EEMMEAESGEE.

DOI: 10.12677/0jns.2023.112032 271 H ARl


https://doi.org/10.12677/ojns.2023.112032

ki 45

Table 1. Climatic influencing factors and code name of Yi bean No. 3 broad bean during its growth period

* 1. B3 SEEFHEHRRBEZHEFEKS

EiEE 2 7 Hik B AT

Index Factor description and code

PRI 11 H~IREE 2 A FHS0E X A EL 12 H~K4E 1 PSR X 25
10 H~R4E 4 B35 X,

PRI 11 B~REE2 AW AR, &4 FM 10 A~kE4 ARKE X, &4EFH 10
PR SR H~IRE 4 BETHRKE Xsw EABTH 11 B~RE 4 ARBRKE X, &EFH 10 B~IRE 4
H 43RS Xo. EAKIA 11 A~EE 4 AEE B X,

H & #5ofn 75 H EAEFY 10 H~IRE 4 AT H R X,
R AR X

AH AR

3.3. XRIFAEMRE

3.3.1. ETHEBSEEFREAEMRD 5
M ALEGE T 0 3 B o AR AR A& B TS TR 8] (91, FIHH SPSS B L= B
5 3 SR TAKK BRMLEE SRR TRECHIE T &, NIERF 1T m A FE R I FERE Y, T
“Herh” JFRERE X, TR TAEE10] [11]e RERERE Xy« 05 BEAT E RS 04T, FATT 22 BoRIEREAT IEAS e
RS AR 0 A 1 RSk THE R BRI R . TEB R B, S IRIGEER TRl
AhEE, DATHBRENAFEREm S 2 HE R &) 5B, o 125 S 11 AN K AR e AR ALK
—ANP=11. N=125 M5 X,,, RERHEAZEIAHOCHIE Ry 5=, RAICHFE R 2 ML LR
B AN E R ZE I DTERE s SEDU, MRS TTHREA E R TR AR R AN GR 2)s BB, BP0 RN E
B FRAR A SRR BN S R RIFIAN, IR EBCRZ MR R R 1 g2 1)k
SRR E R R bR IR R R X [12], WAE 35 THE T AR A S AN s R FE AN LR A 49 45 (R (B
CRESMEVPMIEEUE) Z [11] [12])G5, B Z H SRR, SRR MR R, 5E XK
R, 1 arcgis “F-& Xt Y {EH IDW (Inverse distance weighted)ffi{E, #rtHadras REMLE 1), Z, Y{EHE
FKiIEAXW TR HA 2w 2oy Z 2RI R ET 3 AN ER)

Y =2466.944951—16.09883 1884 —20.33961625 —0.1261017343 ; (1)
7 =0.49857Z, +0.30151Z, +0.12159Z, ; @)

Z, =—0.39158x, —0.0982x, +0.409942x, +---—0.03162x,, +0.063199x,, ; 3)
7, =0.137816x, —0.49746x, +0.129582x, +---+0.518871x,, —0.13837x,, 1 (4)
Z, =—0.0467x, +0.121942x, +0.104645x, +---—0.06659x,, +0.814677x;, - (5)

Table 2. X, covariance matrix eigenvalue and variance and variance contribution rate

2. X, i EI AR FERM G ETTE

Ty RHIEAE T3 ZE TTERZE(%) Bt 77 ZE DT (%)
Principal component eigenvalue Contribution rate of variance Contribution rate of cum-variance
1 5.484 49.857 49.857
2 3.317 30.151 80.008
3 1.337 12.159 92.167
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%2 AT R AHE R R /NRIE T & AR N 78 5 5 R T T IOAH CREE,  far R A B R 1)
JFHAI T, S IR AR S ERRGT, ERAE T % R G R X A RN . — R R | > 0.6
I, SRR -5 T B BOAH SRR R K9] [12]0 ZETFRST Yo « 105 THAITT 3 ANEHIE ] B (1) By 2
EUA 92.167%, BIAEFIRT 3 ANE R At T LARRE 125 3 12 NMURN AR5 2, MARITE 3 A
TR R T IR A

Table 3. Eigen vectors of the correlation matrix

3?3, BFAEXEMENFERE(V,, BMH)

AR T 5%y T Ry
¥ 1 2 3 (SR 1 2 3
Climate factor principal Climate factor principal
Factor Factorl Factor2 Factor3 Factor Factorl Factor2 Factor3
X -0.917 0.251 —0.054 X7 0.967 0.228 0.073
X, —0.023 —0.906 0.141 X3 —-0.821 0.400 —0.050
X; 0.960 0.236 0.121 Xo 0.909 —-0.137 0.261
X, 0.115 0.817 —0.351 Xio —-0.074 0.945 —-0.077
Xs 0.210 —-0.172 0.955 X 0.148 —-0.252 0.942
X 0.951 0.253 0.144

3 AR 1 BRI RIE PR ERR BRI R T RRRKKZ X7 X3 Xor Xis Xoo X3k 6 DM
BT, e T ZE 3 ShEAEFIIRESRMS, Hh X, X XL IR, &
A B B RO U, X R A SRR, X, Xo AR ZE G H R AR H 4
THERENRR, BPHEFAIE, WHZERE %G 3 SHEEAREFNZmEIEMS, BT
N, BHNZEM AT %E 3 SREARKEREHEIMRE, P8Rk 1 7£ 2 mERIKH
AN, AEREE 3 SEREMEEEEFERNE —RE T, SoMEEAELEREE A B
2 TRy F A R BRI A TR UGE X0 M1 X 3% 2 ANEHAIAL T, M AR R 3 S ERE et
BHPE. HRAEER HBGzm s, HIRN Sezm 7 a8 ok, AR EREIEREEE 3 5
ORI, BN TR N7, WUINHZ A ES TS 3 SREARKS
2K, REAFHRENHSEZ, AATHREHHEZRE, ATREERNTERELER, 5
ZERE 3 SREA KA E N AUEIE S B0 RN 2 F A S g X AR 3 4518 — 2 6] [7]. 58 3 A Ry
T SR BRI R AR U Xs AT X 3K 2 MR T AR s e 3 Sh e g inMmERAET
SR BER SR, PRI 5 IR BRI, BN PIASNE 7 X S e 3 SREAKKH
M= EREE R EIETHR, ERMEE, BE 3 SHRELERKENTE., FERNRS LT HRKER
2 RIEMR, SRS FENUEEI N ZEEFTROWN, KRB KR 1326 T2 HF KR,
HEM%E 3 SR EMECI RS RN T B 2R 6] [7].

33.2. ETABETFRBNEKEEETESHR

PE RV AR TR, MEWAE KIS RE BB O 32 N T VE Y R i ks 44k < 4
XKIH[9] [11]o KRH Beta BRECHE LG B, RERBUYEMAKSRERRR, AxXRaF[13][14]:

DOI: 10.12677/0jns.2023.112032 273 H ARl


https://doi.org/10.12677/ojns.2023.112032

ki 45

_04&54V.
phLarra T ©
=

KO FOONEERERRBIRIEE AL, v . 4 (oA G RO ER . TR
W PRI EEAE BR (AL C)e.

R 2015, 2016 FF55 G 3 SR MMRIE m 28 bk DRl y ORI, Hisd DU HE) PR segn ghie, 454
MR A GG M SIS 1] [4] [13], T =75 126 M EHE 3 SHREH MM, FEPK
REEAEFHI2~3 )M EA K B AT XK.

Table 4. Temperature of Yi bean No. 3 broad bean new variety in the experimental area from 2015 to 2016 (Unit: °C)
4. BE 3 EBTHEM 2015-2016 FELWXKBEERM: C)
PRl pei I i3
W P R &G PY ReE RIC P && &I CPH ReE &K
time T-aver T-max T-min T-aver T-Max T-Min T-Aver T-Max T-Min T-Aver T-Max T-min

2015 141 21.8 7.4 13.5 20.5 6.9 15.2 21.8 9.3 14.1 21.4 9.0
2016 143 20.6 9.0 13.0 18.9 8.1 13.9 20.0 9.1 10.4 17.1 6.3
FH 142 21.2 8.2 133 19.7 7.5 14.6 20.9 9.2 12.3 19.3 7.7

4. RRIER
4.1. ETEESEETFRENERS X

MR FE B i BAE BA TR Gt 50 ZE, s ZE585. SRR EEHEX R
5, BHEEE Y, ¥ YELE arcgis & LT IDW #{H, SHEE 125 NETTHEG 3 SR E MR
HMZESIEEEET X, HS5H LM E A E X AESSEREL Y 3 SR X SN
EACPE[4] [8] [13], &R N 7 AEBIFRESAEX, 1E 1(a)s

BEERX: I, kb, K&, S, BR, #RFE, b, NHE, R, kE, vaeE, e, s,
R, Ttll, 507, R, UM AAEFNEAER 13.3°C, PREEAIFAE 10.7°C, SRR BCF
IR 9.3°C, EABWIMK 174 mm. HIE 1208 ho ZIX & =R KIE R GAL G RIHE X .

WEEEX: BY, HE, 21, K, &7, &4, #=, KA, #he, 27, 22, g, N
WLOWPE, R, Ko, BR, B AW, I, @E, POV 24 AR 123°C, PREK
WP 9.7°C, BB BCFESIR 8.4°C, FAEF MK 122 mm. HIE 1385 h. X EoEHKItEY
FEGFE X, FAFHEK 122 mm. HE 1385 h.

WBERERRX: o/, Wi, =k, KR, g%, B, K BN, 56, /i, B, o, &
T, i, BRI, AR, R, BEr, ZHE, TR, G, KK AEFITEARIR 142°C, EIEK
WP 11.7°C, AR BCPFEAIR 103°C, EABMARK 171 mm. HEE 1297 he ZIX 2 = FEKIGE
TAEGHE X .

WIRERRX: 5E, &f, T, WL, g, KM%, 4ivh, Dok, fied, 2P, ER, K,
WU, W, EW, S, R, BUE, s &4 F TR 10.0C, PREEEMETSER 7.4°C,
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BABTBCEY AR 6.1°C, EAEHRIK 140 mm. HIE 1228 he %X &Ky 2 = kIG5 A%
GUAPAEIX o

PREEX: Joi, #K, K, MRS, e, Mt &7, fEor, kR, S, Rz, 27
BOR, w8, BT, 0, BEE, T RUE, VK, TE, Bk, XL, B, A4 E TR 16.0°C,
FEE TR SR 13.6°C, SRR BCPRIR 12.3°C, EAEFHIBEK 221 mm. HIE 1323 ho ZX &3
R AT & o P K R AR G X .

BAGEX: Mm%, FEA, S, HiE, 25 24FHFRIE6.0C, MRS
3.5°C, BAKEBOFY/SIR 22°C, FAFWMK 110 mm. HE 1323 h. ZXEA R ZHKEEZIES
PR X o

AAEERX: 54, B, g, F¥, BEE, e, BRI, VT, &%, JoiL, AN, JoPH, &)
g, Sedt, WO AAFEWRPRARIR 18.2°C, FEEEASEAIE 15.8°C, BAR BCFIAR 14.5°C,
FAEFHEK 200 mm. HE 1351 he ZXSFERNE = ERERZIFERMEX.

4.2. ETABRTERPEPEKRSKTREERESK

Beta 8, RTABERNRZITEEL I SEEAKEEE F, BIF5E F 17 arcgis “F & LT IDW
HE, JHEE 125 ANETHY 3 SEERMMENSZESGEEENESTX, HSERMHE S LM
T DX AR S SRR S 5 5 3 5 it P S 36 DX AR 25 UM 250 (5] [8] [13], B K43l 4 D RBUPESARIX,
K 1(b).

BREHRX: %X EENMESFEE RES K 1550~1700 m K JE A LURE A3 b i 2 s s Ay
e Ay, WA S AEE PR EMAR®EENZEEE RN, SAEFYFRIEZE 1.5C, FPEEAIF
PR ZE 1.7°C, mAR BCFRIR 2 1.8°C, EAF MK 168 mm. HIE 1335 h 2 = FfES I Ak
A I FPAEX

BHEHX: ZXFEREE LM, ERL 1700~1900 m, 34 &AL E IR Z AL 22N,
EEFTHSEZ 3.9C, PEERIETHSREZE 41C, RANBTFHRIEE 42°C, FEFHRK
147 mm. HHM 1289 h KA B FEESKIKIEE S FEX .

55 .35 T T AL PR A0 A X R

b 3k 35 T AL PRS0 A X )

)

[
- R

YOl R[]
(I ELREIX
Jp0d E R

Figure 1. (a) Climatic suitability zoning for planting Yidou No. 3 based on principal; (b) the growth suitability based on
thermal factors component analysis of integrated geographical and meteorological factors climatic suitability zoning of Yi-
dou 3 Planting
1. (1) ZAMEBESKETFHERSHEE 3 SHESEEENSX; OETAEERTFHEKEEESEE 3 SHES
IREE XX
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WEERX: ZIX EE A (EE DR & LGB PR A s oy, 3808 &4 B iR ZE 8 kK &
ZERR, AT 7.7C, PEERNTFYRIEE 8.1C, RANEBTFY/RIEZE82C, X4H
JBEZK 189 mm. HIE 1331 h JRj# N = F A& G Rk % A AP IX o

AEERX: %X FEE A EE P 5 R FE R SR AR AL R i R A iy, 3N A R ZE A
AREEMNBIKSZAZMRN, 2EFHPFYREZ 19.7C, FAFMREK 159 mm. HE 1227h, 7=
R TFRIRZE 19.7°C, BANBCFYSRZE 198°C, R2amMAIERKBEEASMHX.

5. G 5itie

1) ZEEEHILI R T MR K IXRIEE R, E ()86 3 5 2 SR A focid B U0 X 2 oA
FERFERAL PR AR R R VEAGES . AR, RiR. b WSty A e v O b S fef 30 X 2
FRLLAGR L LR, AR F A B SO O b B X & B X R E A /8 BT, K3
ABREE, WEVTPRAGES, AR A DAL A L P R R Kb s R IX R B AR 2 1 LR DAY BRI
P~ YRR R T T DASIR) T OR DX SR I S e 2 Sy AR L VL hod b, PR 3 A S 1 v
RO s AN B IX B A A VR PG B R e R SR AT YR P R PR R 2 [X 3o

2) PRI REIWE A K AEE B XX RISEE, 8] 1(b) 3% 5 3 5 A SRR A0 e B U X 4
AT CETEC P ) B R A e S M A bt s 3 DX A S A L P B BRI B FE TR0 G 1o AR S A 5 ) DX A
AL IEE AU BT A LY 5 O B DX A #E T 24 L DR R AR AT AR AR R DX A DAL 6 vt b iy
ANTE L X3 AT R AR A5 AT G I R v e

3) LR B GRR TR 2 KRR T i g 125 D EKIREE 3 ST MM 2
B WESRE TR ST X SR A R, R T SR . SR R R R A Ok R A I A
X &8 m R KR R GG X A 5, TSR R MEAR, KRR 3 SR EH R
REAHE AR O T BRSO, BT RE N TR AE R RS HE 0 Xk, R TIRE RN T
We ) 2 B R A SR K R AU S B, KRR SEARI B S, BB WIAT, JrIXE5RA5 HH RoE B A E
AR RITAR L AN, 5P LS a e 2RO, HEJ LR 5 o MK R G G X KB 75
[l B IGAIE | 2= B 32 BN RGBT, Sk ST B R 0 A R, AR PR R Z RN, AT
XA R 32 2 AR IR O 3 AR B TR KA o

4) RXUNRIE AR 125 NE PRI RN C TR T 3 5 & SR AR R I =&
XK, DR EE Rl 1025 18] 73 AT 3 BN, AR R LM ARIE BN = B2 1 4 i
82 P S B X R 45 RIS A Rl — 2B ARk 15] [16]

E&WmE

ZEAR LR TER: BIHS: 202105AF150008; AL REE SIS RBH6H S5h
PEFHRITE (STIAP): TiHZ%5: STIAP202222.
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